










resonance imaging, MRI) は､ 欠かせない分子イメー
ジング技術である｡ MRIは､ 水のプロトンの核磁気共









































17)､ エマルションの物性評価18)､ 加速試験19, 20)､ 遠心分
離法21)､ 動的光散乱22, 23)､ 濁度評価24) など)｡ こうした
多様な評価法にも関わらず､ 未だ適切な評価方法が構築
されたとは言い難い｡ 大きな理由として､ 従来のような
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Figure 1. Schematic of mechanisms leading to phase
separation of cream formulations. In general, the disper-
sion stability of o/w emulsions deteriorates via three
processes: flocculation of dispersed-phase oil droplets be-














遠心分離 (74000 g, 3h) を行い､ 見た目にもはっきり
とした相分離が観察されるエマルションを用いることと
した (Fig. 2A)｡ 試料は 3層に分離しており､ 白濁した
上層および下層は油相成分を豊富に含む層であり､ 透明
な中間層は主に水から成る層であると考えられる｡ この
試料内部を MRI によって観察したところ､ 一般的な





と水の多い領域 (中間層) とでは､ 水分量だけでなく､
水の分子状態も大きく異なっていると考えられる｡ した
がって､ 上記のような MR画像では､ そうした水分子
の複雑な状態を識別することが困難であったものと考え
られる｡ そこで､ 続いての検討では､ T1 緩和時間画像
(T1 map) および見かけの拡散係数画像 (ADC map)
などの水の分子運動性の可視化技術を応用することとし




さらに､ それぞれの画像から､ T1 緩和時間および
ADCのデータを抽出し､ 試料中の水分子の状態解析を
行った｡ その結果､ いずれの MRパラメータも､ 中間












MRスペクトロスコピー法 (MRS) を応用し､ 各層の
成分分析を試みた｡ 医療分野では､ MRSは生体内の代
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Figure 2. Noninvasive monitoring of phase separation of
emulsion using MRI. (A) Optical photo of the test sam-
ple (#7). The sample was centrifuged at 74,000 ×g for
3 h. The upper and lower layers appeared cloudy, indi-
cating that oil droplets were concentrated in these lay-
ers, while the fairly clear middle layer seemed to be
mostly composed of water. (B) MR images of the centri-
fuged sample. The coronal and axial slices correspond to
pink and light-blue areas in Fig. 2A, respectively.
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Figure 3. Histograms of T1 relaxation time (A) and ADC
(B) of each layer. These histograms were generated by
random sampling of 200 MR parameters from each
layer in the maps shown in Fig.2B.
謝物の検出などを目的とした研究が広く進められている｡
例えば､ 脳神経領域では､ N-アスパラギン酸 (NAA)
や乳酸､ コリンの代謝物が検出できるため､ 脳虚血や脳
腫瘍のシグナルを検出できる方法として臨床応用されつ
つある｡ 本検討では､ それぞれの層の関心領域 (region-














は､ 最重要課題の 1つである｡ 本検討では､ Table1に
示すように HLB値を 8.6～16.5まで変化させたモデル
製剤を調製し､ HLB値による製剤安定性への影響を評




5)｡ 例えば､ HLB値の高い試料 (#6 - #8, HLB＝14.5-
16.5) では､ 相分離が著しく進行し､ 実験開始後 1週
間程度で明確な相分離が観察された｡ また､ HLB値の
低い試料 (#1- #3, HLB＝8.6-11.0) は､ 徐々に相分離
が進行していく様子が確認された｡ 一方で､ 試料#4お







るポリエチレン (PE) チューブに試料を充填し､ 本手
法によって､ チューブ内部の相分離の様子を観察するこ
とにした｡ なお､ 試料には､ 先の検討で著しい相分離が





ても併せて検討を行った (Fig. 6A)｡ 2週間 60℃で保存
したPEチューブ内部の様子を観察したところ､ PEチュー































Lower layerMiddle layerUpper layer
Figure 4. 1H-NMR spectra of each layer acquired by
STEAM. The box in each inserted figure shows selective
ROIs (1×1×1 mm). Acquisition parameters were as fol-
lows: TR of 2000 ms, TE of 11.7 ms, average of 128
scans. The peak at 4.7 ppm is derived from water.
1 2 3 4 5 6 7 8
Surfactants
 Sample #
Table 1. Formulation of model emulsions with different HLB value
  
BB-20 1 1.0 1.3 1.6 1.9 2.1 2.5 2.7 3.0
SS-10MV 2 2.0 1.7 1.4 1.1 0.9 0.5 0.3 0.0
  Oily phase
Stearic acid 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Cetanol 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Gl l t i t t 10 0 10 0 10 0 10 0 10 0 10 0 10 0 10 0ycery  r oc anoa e . . . . . . . .
  Aqueous phase
Water 79.0 79.0 79.0 79.0 79.0 79.0 79.0 79.0
  HLB values 3 8.6 9.8 11.0 12.2 13.0 14.5 15.3 16.5
1  Polyoxyethylene behenyl ether (HLB=16.5) ,   2  Sorbitan monostearate (HLB=4.7),









スペクトルをMRSによって取得した (Fig. 7)｡ その結
果､ 予想通り､ ADCの高い領域から､ 強度の高い水由
来のピーク (4.7ppm) が認められ､ この領域が水分含
量の多い領域であることが明らかになった｡ 以上の結果





























0 2715 (x10-10 m2/s)
Figure 5. Visualization of phase-separation behaviors of
emulsions depending on HLB values.Emulsions with dif-
ferent HLB values packed in a PCR tube (0.5 mL) were
stored at 60℃ for designated intervals and then con-
tinuously monitored using T2WIs (A) and ADC maps
(B). ADC maps clearly showed a difference in phase-
separation behavior: emulsions with higher HLB values
separated substantially into an oil-droplet-rich layer and
an aqueous layer, while phase separation with lower
HLB values developed gradually. In addition, the obser-











Figure 6. Visualization of phase separation of emulsion
occurring naturally in a PE tube. (A) Storage condition
of the samples. The samples were stored standing verti-
cally or lying horizontally at 60℃ for 14 days. ADC
map of the samples stored standing vertically (B) and
lying horizontally (C). With regard to the sample stored























Figure 7. 1H-NMR spectra of ROIswith high (A) and low
(B) ADC acquired by STEAM. Selective ROIs (2×2×2
mm) shown as boxes in DWIs inserted in the upper
right corner. Acquisition parameters were as follows: TR




SEM 写真から油滴の粒子径を求めた｡ Fig. 9 および
Table2に､ 特徴的な SEM写真と各試料の粒子径を示
す｡ 実験の結果､ 処理前 (5.97μm) と比較して､ ジェッ
トミルで処理した油滴の粒子径は著しく小さい値 (1.73




た｡ 引き続き､ これらの試料を 1週間 40℃で保存した
ところ､ 界面活性剤添加量の比較的多い試料 (2.0およ
び 3.6％) では､ 油滴の粒子径は維持され､ 合一が進み
にくい傾向が認められた｡ 一方で､ 界面活性剤添加量の
少ない試料 (1.0％) では､ 合一が進行し､ 油滴の粒子
径 (5.03μm) は処理前とほぼ同じサイズまで増大した｡
続いて､ MRIを用いて各試料の T1緩和時間画像を撮
像し (Fig. 10)､ T1 緩和時間を算出した｡ なお､ T1 緩
和時間は､ 水の分子運動性の違いによって大きく変化す
ることが知られており､ 構造化された水 (すなわち結合
水) の T1緩和時間は､ 自由水に比べ､ 著しく短い値を









試料の T1緩和時間は､ ジェットミルの処理圧力や 1週
間の保存による影響は一切受けず､ 界面活性剤の添加量
による影響のみを受けることが明らかになった (Table
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Figure 9. Scanning electron microscopy (SEM) microgram
of oil droplets in the model emulsions. The emulsions
varying the surfactant contents in a range of 1.0 to
3.6％ were treated with the jet mill at a processing
pressure of 150 MPa. SEM was performed immediately
after treatment with the jet mill and after 1 week stor-
age at 40℃. The pretreatment sample containing 1.0％
surfactant is shown as a control.





Immediately after treatment 1.76 ± 0.58 1.73 ± 0.60 1.73 ± 0.49
After 1 week storage at 40ºC 503 ± 2.57 2.16 ± 1.09 1.79 ± 0.76
The jet mill treatment was performed at the processing pressure of 150 














Figure 10. T1 -weighted image (A) and quantitative T1
map (B) of emulsion-based formulations just after
treated with the jet mill. (A) Spin-echo sequence of ef-
fective echo time (TE) and repetition time (TR) gave
TR/TE = 300/14.54 ms, field of view of 30×30 mm, ma-
trix size of 128×128 pixels and 1 mm axial slice thick-
ness. (B) T1 map of fresh samples. Gradient echo pulse
sequence with TE = 1.54 ms and six different inversion
times (TIs) (200, 400, 800, 1400, 2000 and 3000 ms),
field of view of 30×30 mm, matrix size of 64×64 pixels
and 1 mm axial slice thickness. Red spots represent
longer T1relaxation times, whereas blue spots represent
shorter T1relaxation times. The samples were purified
water and skin cream formulations containing 1.0％,
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Table 3. ANOVA table for T1 relaxation time of the model emulsions
Factors Dfa SSb F o
c
Processing pressure of the jet mill 1 0.023 2.88
Surfactant concentration of skin cream base 2 0.976 60.56* *
Time lag to measurement from jet mill treatment 1 0 0.01
























Figure 11. Changes in T1 relaxation times of emulsion-
based formulations as a function of surfactant concen-
tration. The processing pressure of the jet mill used for
treating the samples was 150 MPa. Each value repre-
sents the mean±SD (n= 6).
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Evaluation of physical stability of emulsion-based formulations using
a molecular imaging technique, MRI
Yoshinori ONUKI
Department of Pharmaceutics, Hoshi University
Recently, MRI has attracted much attention for the characterization of pharmaceuticals. I believe that MRI will
bring about great benefit for evaluation of the physical stability of emulsion-based formulations. The initial part of the
review concerns the establishment of a novel method to monitor phase-separation behavior in emulsions. The key tech-
nique was visualization of the molecular mobility of water; in particular, ADC maps were demonstrated to be a promis-
ing technique for monitoring phase separation occurring in emulsions. I also integrated MR spectroscopy into the method.
This allowed us to analyze the component of a selective region-of-interest (ROI). The new method is superior to the con-
ventional methods in every respect. The latter part of the review focuses on a study investigating the contribution of the
state of water in emulsion-based formulations to the coalescence behavior of oil droplets. Emulsions treated with a high-
pressure wet-type jet mill were used as model formulations. Spin-lattice relaxation times (T1) were measured using MRI
to estimate the amount of bound water in samples. The T1relaxation time became shorter with increasing surfactant con-
tent. Observations usingscanning electron microscopy (SEM) showed that an increase in the amount of bound water pre-
vented oil droplets from coalescing. The findings indicated that the state of water plays an important role in the physical
stability of an emulsion-based formulation. This review will offer profound insight into the physicalstability of emulsion-
based formulations.
